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Location 
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Before & During Development   
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9VAC25-8970-66 Water Quantity 
 C. Flood protection.  
 2.  Concentrated stormwater flow to stormwater conveyance 
systems that currently experience localized flooding during the 
10-year 24-hour storm event: The point of discharge either: 
 a. Confines the postdevelopment peak flow rate from the 10-year 
24-hour storm event within the stormwater conveyance system 
to avoid the localized flooding. Detention of stormwater or 
downstream improvements may be incorporated into the 
approved land-disturbing activity to meet this criterion, at the 
discretion of the VSMP authority; or 
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9VAC25-8970-66 Water Quantity 
  b. Releases a postdevelopment peak flow rate for the 10-year 
24-hour storm event that is less than the predevelopment peak 
flow rate from the 10-year 24-hour storm event. Downstream 
stormwater conveyance systems do not require any additional 
analysis to show compliance with flood protection criteria if this 
option is utilized. 
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Hydrologic Parameters 
• Design Storms – recurrence interval 
•  Impervious cover 
• Soil type /  Land use 
• Depth to groundwater 
•  Limits of disturbance 
• Rainfall depth and distribution 
• Boundary conditions 
• Watershed configuration 
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Hydraulic Design Standards 
Hydraulic design standards 
• System capacity  
• Recurrence interval 
• Runoff vs. capture 
• Boundary conditions (tailwater) 
• Consistent methodology for 
pre- and post-development 
flows 
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Analysis of “Pre-development” Conditions 
Assessment of current system capacity 
•    Identification of limiting factors 
•  Soil infiltration 
•  Condition of downstream conveyance 
  Stability 
  Capacity 
Identify 
•    Attenuation Ponds (flooded fields) 
•  Flows that are less than the calculated peak 
•  Significantly delayed peak flows down stream 
Roadside Ditch looks 
like a perennial 
stream 
't D j Sea Level Wise 
V&J A vlbl"Q.ntfuture for Virginia Beach 
9 | Lessons Learned May 19, 2017 
Rainfall Pattern Changes 
§  Future precipitation-frequency curves increase most notably for 1-30 
year events; ex: 2-year event increases by 26% 
§ By 2075: 
§  today’s “100-year” event becomes a ~28 year event 
§  today’s “450-year” event becomes a ~100 year event 
 
Standards require 
the evaluation of the 
10-yr, 24-hr storm- 
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Tide & Rain Gauge Network 
11 LYNNHAVEN RIVOFF VISTA CIR 
12 LITTLE NECK CREEK AT PINEWOOD RO 
13 LONDON SRI OGE CREEK AT RT 58 
U THALIA CREEK AT ROUTE S8 
t5 EB ELIZABETH RIVERAT RT 165 
16WEST NECK CREEK AT DAM NECK RO 
17 LAKE RU DEE AT MEDITERRANEAN AVE 
18 LAKE RUDEE NEAR BELLS RD 
19 BEGGARS BRIDGE CREEK 
110 NORTH U.N~NG RIVER AT MARINA 
Chesapeake 
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• Tide Gauge Locatoos 
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Peak Tidal Information • (Feet , NAVD88) 
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X.~s\AAC Flles\Tlck Gauge MeplTlck Geuge Map 9-7·1S.mxd 
F.S. 03 - Lo ndon Bridge 
F.S. 04 - Chesapeake Beach 
F.S. 06 • Creeds 
F.S. 08 - Oceana 
F.S. 09 • Kemp sville 
F.S. 11 - Beach Boro ugh 
F.S. 12 - Seatack 
F.S. 13 - Blackwater 
F.S. 16 - Plaza/Windsor Woods 
F.S. 17 - Sondbrldge 
F.S. 18 . Green Run 
F.S. 19 . Stumpy Lake 
F.S. 20 - Little Neck 
Chesapeake 
Legend 
.& Rain Gauge Statio ns 
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Doesn’t take a Weatherman to know 
which way the wind blows…. 
Tidal flooding impacts roads in Va. Beach 
-ft By WA.VYWebStaff _v Publlshed:May1 2017.J..:25pm I Updated:May3.2017.9:J.3am 
WNY,x,m 
VIRGINIA BEACH, Va. r,NAVY) - Floodwaters have affected multiple roads in Virginia 
Beach since Monday evening and the conditions are expected to continue into 
Wednesday morning. 
Strong southerly winds blew water inland, so the flooding is tidal and not caused by 
recent rainfall. It shut down the only road into Sandbridge. 
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A Real World Event - Julia 
“Real” storms don’t 
always act like 
synthetic ones 
What is a “100-year” 
storm?  Didn’t we 
have one last year? 
Antecedent moisture; 
ie, did it rain recently? 
What is a “wind tide”? 
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Reality exceeds Design 
... ~ .. . . ,. _.. : ... ,": .. ' 
I. 
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Reality exceeds Design 
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Cascading Failures 
•  Existing Flow rates were over-estimated by not analyzing existing 
restrictions  
•  Tailwater used was variable and did not account for hydraulic losses 
associated with transposition; nor did it account for wind tide impacts. 
•  The HGL calculation excluded the impacts of the downstream system.  
The analysis stopped at the on-site control weirs. 
•  Soil type chosen was not indicative of actual conditions.   
•  Times of Concentration were exceedingly long  (Makes the design storm 
more like a gentle rain than a storm. 
•   Percent Impervious in hydraulic model is about 2/3s of actual constructed 
•  Groundwater impact/contribution was not accounted  
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Lesson # 1 – Plan to fail 
“Somehow we have to find the middle ground between dangerous 
rigidity and catastrophic collapse. In our organizations, social and 
political systems, and individual lives, we need to create the possibility 
for what computer programmers and disaster planners call “graceful” 
failure. 
When a system fails gracefully, 
damage is limited, and options for 
recovery are preserved. Also, the part 
of the system that has been 
damaged recovers by drawing 
resources and information from 
undamaged parts.” 
 Thomas Homer-Dixon 
The Upside of Down 
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Lesson # 2 – Know your Exits 
• How will people get out 
during extreme events? 
• How will water get out? 
• Watch out for bowls - 
natural or created! 
• Provide a pathway 
out that doesn't 
create damage. 
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Lesson #3 – Know your Boundaries 
•  Tailwater; outlet conditions- Use actual 
values when known, not minimum 
design criteria. 
• Consider external forces to the 
system; upstream contributions, wind 
tides, lunar tides, etc. 
•  If the plan is for water to infiltrate- will 
the soil allow this to happen? Is 
groundwater a factor? 
"" .. -·-
't D j Sea Level Wise VJiJ A vibrant future for Virginia. Beach 
22 | Lessons Learned May 19, 2017 
Lesson #4 – Allow some breathing room 
• Streets provide drainage 
conveyance for major storms.  
• Provide grade separation / 
elevation from the home to the 
street. 
• Consider future floodplain limits 
and sea level rise when 
establishing finish floor 
elevations inside and outside 
the regulatory floodplain. 
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Lesson #5 – All Downstream Flooding 
is not Equal 
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Lesson # 6 – Remember the Past- Look 
to the Future 
• Does the undeveloped site 
currently have de facto 
detention? 
•  Is there historical flooding in 
the area? 
• What changes might future 
precipitation patterns bring? 
 •  Is the development resilient now and into the future? 
 
't DI Sea Level Wise VJiJ A vibrant future for Virginia Beach 
25 | Lessons Learned May 19, 2017 
Lesson # 7 – Integrate Lessons Learned 
“…Drainage in the Southern Watershed is 
highly impacted by the presence of high 
ground water, poorly draining soils, and 
high water surface elevations in 
downstream receiving waters…..
….Receiving waters in the Southern 
Watersheds are subject to tidal influences 
which can be exacerbated by winds. High 
ground water elevations and poorly draining 
soils can result in increased runoff, can limit 
the capacity of the stormwater conveyance 
systems, and can counter indicate the use 
of certain Best Management Practices, 
such as infiltration.” 
. 
 
CITY OF VIRGINIA BEACH 
COMPREHENSIVE PLAN 
(D Policy Document 
Adopted May 17, 1016 
"t DI Sea Level Wise VV A vtbrcmt future for Virginia Beach 
26 | Lessons Learned May 19, 2017 
In Summary….. Credits to Yogi Berra 
“We made too many wrong mistakes.” 
“You can observe a lot by watching.” 
“If you don’t know where you are going, you might 
wind up someplace else.” 
“It’s deja vu all over again.” 
“It ain’t over till it’s over.” 
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